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Description 

Technical Field 

5 [0001] Tlie present inverjtion relates to a battery and particularly to a battery to be incorporated in small-sized elec- 
tronic equipments. 

Background Art 

10 [0002] In a battery having a metallic can as a container, It has been heretofore practiced to press the electrodes 
under a predetermined pressure and make the distance between the electrodes even. This is because that, when 
uniform distance between the electrodes along the surface of the electrodes is usual in that the electrode reaction 
proceeds uniformly all over the electrodes, expecting a prolonged life. 

[0003] In recent years, a thin battery using a container of, e.g., a metal-resin laminate film rather than metallic can 
15 has appeared. This battery comprises an electricity-storing element made of a positive electrode, a separator and a 
negative electrode received in an airtight bag obtained by adhering a laminate film at the edges thereof. 
[0004] However, since this type of a battery comprises, as a battery container, a container made of a flexible laminate 
film rather than a metallic can, the electrodes cannot be pressed by the pressure of the battery container. Thus, the 
distance between the electrodes is ununiform, causing a remarkable drop in the capacity during charge and discharge 
20 cycles. 

[0005] Thus, Japanese Patent Application Laid-Open No. 1998-302843 proposes that the separator and the elec- 
trodes be bonded to each other with an adhesive. In accordance with this proposal, the distance between the electrodes 
can be kept constant even without any pressure of the battery container, causing the electrode reaction to proceed 
unifonnly all over the electrodes and hence giving a prolonged life. As the adhesive used, ethylene glycol dimethacr- 
25 ylate, methyl methacrylate or the like is dissolved in N-methylpyrrolidone or the like. 

[0006] However, when such an adhesive is used, a dense adhesive layer is fomi.ed on the surface of the electrodes. 
Accordingly, this layer of adhesive was disadvantageous in that it prevents the movement of the electrolyte across the 
space between the electrodes, causing an energy density drop. 

[0007] It is therefore an object of the present invention to provide a battery which exhibits a high energy density and 
30 an excellent cycle life performance even if the electricity-storing element Is received in a flexible material case. 

Disclosure of the Invention 

[0008] The battery of the present invention is a battery comprising a positive electrode, a negative electrode and a 
35 separator provided interposed therebetween, wherein at least one surface of said separator is bonded to said positive 
electrode or negative electrode via a porous resin layer comprising a solid filler 

[0009] In the battery of the invention, since the electrode and the separator are bonded to each other with a porous 
resin layer as mentioned above, the distance between the electrodes can be kept constant even if the battery container 
is so flexible that the pressure of the battery container is not sufficient. Accordingly, even when subjected to repeated 

40 charges and discharges, the battery of the invention shows no capacity drop and thus exhibits a prolonged life. 

[0010] Further, since the resin layer is made porous by the addition of a solid filler, the electrolyte can move across 
the space between the electrodes through the pores formed in the resin layer, enhancing the energy density. 
[0011] The thickness of the resin layer is preferably from 1 pimto 10 nm. This is because the energy density of the 
battery can be enhanced when the thickness of the resin layerfalls within this range. In other words, when the thickness 

45 of the resin layer falls below 1 p.m, the adhesion between the electrode and the separator becomes insufficient. There- 
fore, it is likely that when the electricity-storing element is received in the battery container or the battery is in use, the 
distance between the electrodes can become ununiform, causing a capacity drop with the repetition of charge and 
discharge. On the contrary, when the thickness of the resin layer exceeds 1 0 urn, the distance between the electrodes 
becomes too long, causing an energy density drop. 

50 [0012] The thickness of the separator is preferably not greater than 25 |im. This is because the energy density of 
the battery can be enhslnced when the thickness of the separator falls within this range. In other words, when the 
thickness of the separator exceeds 25 ^.m, the distance between the electrodes becomes too large, causing an energy 
density drop. 

[001 3] The resin to be used in the resin layer is not specifically limited but preferably comprises at least one member 
55 selected from the group consisting of polyethylene, polypropylene, poiy(vinylidene chloride), poly(vinylidene fluoride), 
poly{ethylene oxide) and poiyacrylonitrile. 

[0014] Alternatively, the resin to be used in the resin layer preferably comprises at least one member selected from 
the group consisting of copolymer of vinylidene fluoride and hexafluoropropylene,copolymerofvinylidene fluoride and 
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chlorotrifluoroethylene, copolymer of vinylidene fluoride, hexafluoropropylene and tetrafluoroethylene, copolymer of 
vinylidene fluoride and tetrafluoroethylene and copolynner of hexafluoropropylene and tetrafluoroethylene. 
[0015] The solid filler to be used in the resin layer preferably comprises a ceramic powder made of primary particles 
having an average diameter of from 5 to 1 00 nm. 

5 [0016] This is because, when a resin solution containing a ceramicpowderfalling within this range is dried, the resin 
solution is adsorbed to the ceramic powder during drying. A lower amount of the resin solution exists less in the portion 
other than the portion having the ceramic powder present therein and thus forms pores when dried, rendering the resin 
layer porous. When the particle diameter of the ceramic powder exceeds 100 jim, the resin is adsorbed less to the 
ceramic powder mal<lng it impossible to make the resin layer uniformly porous and hence causing a capacity drop and 

10 a resistance rise. 

[0017] The ceramic powder is not specifically limited but preferably comprises at least one member selected from 
the group consisting of alumina, silica, titania and zirconia. This is because these materials are all excellent in resistance 
to organic electrolyte. 

[0018] The specific surface area of the solid filler Is preferably from not smallerthan 50 m^/g to not greater than 500 

'5 m2/g. This is because when the specific surface area of the solid filler falls below 50 m2/g, the resin is adsorbed less 
to the ceramic powder, making it impossible to make the resin layer uniformly porous and hence causing a capacity 
drop and Increase of the resistance. This is also because when the specific surface area of the solid filler exceeds 500 
m^/g, the amount of a solvent to be adsorbed to the ceramic powder increases during the preparation of a paste of the 
resin, the ceramic powder and the solvent, making it difficult to form a uniform resin layer and hence lowering the 

20 adhesion strength, which deteriorates the cycle life performance. 

[0019] A part of the resin layer preferably penetrates Into the surface layer of the positive electrode and negative 
electrode. This is because, when a part of the resin layer penetrates into the surface layer of the positive electrode 
and negative electrode, the separator can be firmly bonded to the positive electrode and negative electrode to keep 
the distance between the electrodes constant. Thus, when subjected to repeated charges and discharges, the battery 

25 undergoes no capacity drop and hence exhibits a prolonged life. 

[0020] The battery of the Invention may be applied to any type such as cylindrical battery, prismatic battery, sheet- 
shaped battery, laminated battery, coin-shaped battery and pin-shaped battery. The shape of the battery of the invention 
is not specifically limited, but the positive electrode, the negative electrode and the separator are preferably received 
In a flexible material case. The distance between the electrodes can be difficultly kept constant particularly when the 

30 battery container is flexible. Even in such a case, the present invention makes it possible to keep the distance between 
the electrodes constant, causing no capacity drop and hence giving a prolonged life. 

[0021] The battery of the present invention can be widely used regardless of which it is of primary type or secondary 
type. 

35 Brief Description of the Drawings 
[0022] 

Fig. 1 is an enlarged sectional view of one embodiment of the positive electrode of the present invention; 
40 Fig. 2 is an enlarged sectional view of one embodiment of the negative electrode of the present invention; 

Fig. 3 is an enlarged sectional view illustrating one embodiment of the present invention wherein a separator Is 
bonded to the negative electrode of the present invention; 

Fig. 4 is an enlarged sectional view illustrating one embodiment of the present invention wherein a resin layer is 
fomned on the positive electrode; 
45 Fig. 5 is an enlarged view Illustrating one embodiment of the present Invention wherein the negative electrode and 

the positive electrode are bonded to each other; 

Fig. 6 is a perspective view of one embodiment of the electricity-storing element and the battery container of the 
present invention; 

Fig. 7 is a perspective view of one embodiment of the battery of the present invention; 
50 Fig. 8 is an electron microphotograph of the resin layer of Example 1 ; 

Fig. 9 is an electron microphotograph of the resin layer of Comparative Example 2; 

Fig. 10 is a graph Illustrating the relationship between the particle diameter and the initial capacity and battery 

resistance; and 

Fig. 11 is a graph illustrating the relationship between the specific surface area and the capacity. 

55 

Best Mode for Carrying Out the Invention 

[0023] Preferred embodiment of the present invention will be described In further detail. 
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[0024] In order to confirm the effect of the present invention, a lithium ion battery having the following specification 
was prepared. The electricity-storing element of this battery comprises a positive electrode, a separator, a negative 
electrode and a separator. 

[0025] The positive electrode 1 0 comprised a positive composite 1 2 retained on both sides of a current collector 1 1 
5 made of an aluminum foil having athlckness of 20 ^.m as shown In Fig. 1 . The positive composite 12 was prepared by 
mixing 91 parts of a lithium cobalt composite oxide LiCoOg as a positive active material, 6 parts of a poly(vinylidene 
fluoride) as a binder and 3 parts of acetylene black as an electrically conducting material to make a paste. The composite 
12 was spread to both sides of the current collector 1 1 , dried, and then rolled to prepare the positive electrode 10. The 
positive electrode 10 was then cut to a predetermined width. Thus, the positive electrode 10 was then used in the form 
10 of belt. 

[0026] On the other hand, as shown in Fig. 2, the negative electrode 20 comprised a negative composite 22 retained 
on both sides of a current collector 21 made of a copper foil having a thickness of 1 0 (xm. The negative composite 22 
was prepared by mixing 92 parts of a graphite powder having a specific surface area of 1 m^/g as a negative active 
material and 8 parts of a poly(vinylldene fluoride) as a binder, and then properly adding N-methyl-2-pyrrolidone to the 
IS mixture to make a paste. The composite 22 was applied to both sides of the current collector 21 , dried, and then rolled 
to prepare the negative electrode 20. The negative electrode 20 was then cut to a predetermined width, and used in 
the form of belt. 

[0027] As the separator, a porous polyethylene sheet having a porosity of 45% was provided interposed between 
the electrodes. The thickness of the separator was varied from 1 5 to 25 urn as set forth in Table 1 shown later. 

20 [0028] As the resin layer, a copolymer of vlnylidene fluoride and hexafluoropropylene was previously emulsion-po- 
lymerized. The emulsion of copolymer was dehydrated to a powder, which was then dissolved in N-methyl-2-pyrro- 
lidone. To the solution was then added to an alumina powder to prepare a sticky paste. An alumina powder having a 
primary particle diameter of from 10 to 20 nm and a specific surface area of 100 ± 15 m2/g (the BET method) was 
used, The sticky paste used comprised the copolymer and the alumina powder at a mixing ratio of 1 : 1 by dry weight. 

25 [0029] Subsequently, as shown in Fig. 3, the mixture was applied to one side of a se^parator 31 to form a resin layer 
33 . Two sheets of the separator 31 having the resin layer 33 formed thereon were prepared and bonded to the respective 
side of the negative electrode 20 before the resin layer 33 was dried. The bonding was carried out such that the resin 
layer 33 of the separator 31 was opposed to the negative electrode 20. 

[0030] Subsequently, as shown in Fig, 4, the same mixture as mentioned above was applied to both sides of the 
30 positive electrode 10. During this procedure, the spread amount of the mixture was adjusted such that the resin layer 
41 formed on the positive electrode 1 0 had the same thickness as that of the resin layer 33 fonned on the separator 
31 . Subsequently as shown in Fig, 5, the negative electrode 20 having the separator 31 bonded to both sides thereof 
and the positive electrode 10 having the resin layer 41 formed on both sides thereof were laminated and bonded to 
each other. The end of the current collector 11 of the positive electrode 10 is not coated with the positive composite 
35 12, and a leaf of aluminum lead 64 is ultrasonically welded thereto (see Fig. 6). The end of the current collector21 of 
the negative electrode 20 has a region which is not coated with the negative composite 22, and a leaf of lead 65 is 
ultrasonically welded thereto (see Fig. 6). 

[0031] The electrodes were wound on a metallic core, and the core was then pulled out of the winding to produce 
an electricity-storing element 61 . Subsequently, the electricity-storing element 61 was received in a bag-shaped con- 
40 talner 63 made of a metal-resin laminate film as shown in Fig. 6. The container 63 is made of a metal-resin laminate 
film having a three-layer structure comprising a surface protective layer made of PET (poly(ethylene terephthalate)), 
a barrier layer made of aluminum and a weld layer made of PE (polyethylene). The metal-resin laminate film Is folded 
with the weld layer inside, and then welded at the bottom and sides thereof to form a bag. Finally, the bag is welded 
at the upper opening thereof. 

45 [0032] Subsequently, an electrolyte was Injected into the container 63 which had the electricity-storing element 61 
received therein. The electrolyte is a 1 ; 1 (by volume) mixture of ethylene carbonate and diethyl carbonate containing 
1 mol/l of LiPFg. Thus, a 650 mAh lithium ion battery 70 having an average discharge voltage of 3.7 V and a size of 
3.8 mm (thickness) x 35 mm (width) x 62 mm (length) was obtained. 

[0033] Batteries of Examples 1 to 6 were prepared from different combinations of the thickness D of separator and 
50 the thickness J of resin layer as set forth in Table 1. As Comparative Example 1 , a battery free of resin layer was 
prepared. As Comparative Example 2, a battery comprising a resin layer but free of alumina powder therein was pre- 
pared. The batteries of Examples 1 to 6 and Comparative Examples 1 and 2 were each subjected to charge and 
discharge cycles, and then measured for the capacity change. The results are set forth in Table 1 . Referring to the 
charge and discharge cycle conditions, one cycle consists of 3 hours of charging at a constant voltage of 4.2 V and 
S5 discharging to 2.75 V with a constant current of 1 CA (650 mA). The capacity in Table 1 is represented relative to the 
discharge capacity of 650 mA of the battery of Example 3 which has been charged for the first time as 1 00. 
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[0034] As can be seen in Table 1 , ail the batteries of Examples 1 to 6 exhibited a high initial capacity and maintained 
a high capacity even after 200 cycles. The batteries of Examples 1 to 4 and Example 6 still maintained a high capacity 
after 300 cycles. 

[0035] On the contrary, the battery of Comparative Example 1 , which is free of resin layer, showed an initial capacity 
but showed a capacity drop every repetition of charge arid discharge cycle and then showed an extremely low capacity 
after 200 cycles. Thus, the batteries of Examples 1 to 6 have electrodes and a separator bonded to each other with a 
porous resi n layer and can l<eep the distance between the electrodes constant even If the battery container is so flexible 
that the pressure from the battery container is not sufficient. These batteries were cbnfimied to undergo no capacity 
drop even after repeated charge and discharge and exhibit a prolonged life. 

[0036] The battery of Comparative Example 2, which comprises no alumina powder incorporated in the resin layer, 
exhibited an extremely low initial capacity 

[0037] Subsequently, the resin layer 41 fomied between the positive electrode 1 0 and the separator 31 and the resin 
layer 33 formed between the negative electrode 20 and the separator 31 in the battery of Example 1 were observed 
under electron microscope. Fig. 8 Illustrates an electron microphotograph of the resin layer 41 formed between the 
positive electrode 10 and the separator 31. The resin layer was confirmed porous as shown in Fig. 8. Though not 
shown, the resin layer 33 fonned between the negative electrode 20 and the separator 31 was similarly confirmed 
porous. 

[0038] Fig. 9 illustrates an electron microphotograph of the resin layer free of alumina powder formed in the battery 
of Comparative Example 2. The resin layer in the battery of Comparative Example 2 was confirmed non-porous, it was 
thus confirmed that a resin layer filled with an alumina powder as a solid filler is. rendered porous. Accordingly, it was 
confimied that the batteries of Examples 1 to 6 exhibit a higher energy density than the battery of Comparative Example 
2 and a high initial capacity. 

[0039] The effect of the average particle diameter of solid filler on the initial capacity was then studied. In this test, 
batteries having the same structure as that of Example 1 except that the average particle diameter of the alumina 
powder were varied were prepared (see Table 2). In other words, the thicl<ness of the separator was 20 pm and the 
thickness of the resin layer was 1 .5 pm. 

[0040] These batteries were each subjected to charge and discharge cycle, and then measured for initial capacity. 
The results are set forth in Table 2. Referring to the charge and discharging cycle conditions, one cycle consists of 3 
hours of charging at a constant voltage of 4.2 V and discharging to 2.75 V with a constant current of 1 CA (650 mA). 
in Table 2, the initial capacity is represented relative to that of the battery of Comparative Example 1 as ICQ, and the 
electrical resistance is represented relative to that of the battery of Comparative Example 1 as 1 00, 
[0041] As shown in Table 2 and Fig. 10, the batteries comprising an alumina powder having an average particle 
diameter of from 5 to 1 00 nm exhibit a higher initial capacity and a lower resistance than that of Comparative Example 
1 which is free of resin layer. 
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[0042] The effects of the specific surface area of the solid filter on the initial capacity and cycle life performance were 
then studied. In this test, batteries having the same structure as that of Example 1 except that the specific surface area 
of alumina powder was varied were prepared (see Table 3). In other words, the thicl<ness of the separator was 20 \im 
and the thickness of the resin layer was 1 .5 jim. 

[0043] These batteries were each subjected to charge and discharge cycles, and then measured for initial capacity 
and capacity after 1 00 cycles. The results are set forth in Table 3. Referring to the charge and discharge cycle conditions, 
one cycle consists of 3 hours of charging at a constant voltage of 4.2 V and discharging to 2.75 V with a constant 
current of 1 CA (650 mA). in Table 3, the initial capacity and capacity after 1 00 cycles are represented relative to that 
of the battery of Comparative Example 1 as 100, and the electrical resistance is represented relative to that of the 
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battery of Comparative Example 1 as 100. 

[0044] As shown in Table 3 and Fig. 11 , the batteries comprising an alumina powder having a specific surface area 
of from not smaller than 50 m^/g to not greater than 500 m^/g exhibit a higher initial capacity and a longer life than that 
of Comparative Example 1 which is free of resin layer 

Table 3 



Specific surface area (m^/g) 


Initial capacity (%) 


Capacity at 100th cycle (%) 


28 


72.9 


66.2 


55 


100.8 


95.8 


108 


101.8 


96.9 


480 


100.9 


94.8 


770 


100.2 


81.2 



Industrial Applicability 

[0045] As mentioned above, the present invention can provide a battery having a high energy density and an excellent 
cycle life performance, even when the electricity-storing element is received in a case made of a flexible material. 



1 . A batttery comprising a positive electrode, a negative electrode and a separator provided inteiposed therebetween, 
wherein at least one surface of said separator is bonded to said positive electrode or negative electrode via a 
porous resin layer comprising a solid filler. 

2. The battery as defined in Claim 1 , wherein the thickness of said resin layer is from 1 nm to 1 0 (xm. 

3. .The battery as defined in Claim 1 or 2, wherein the thickness of said separator is not greater than 25 |4.m. 

4. The battery as defined in Claims 1 , 2 and 3, wherein said resin layer comprises at least one member selected from 
the group consisting of polyethylene, polypropylene, poly(vinylidene chloride), poly(vinylidene fluoride), polyeth- 
ylene oxide and polyacrylonitrile. 

5. The battery as defined in Claims 1 , 2 and 3, wherein said resin layer comprises at least one member selected from 
the group consisting of copolymer of vinyiidene fluoride and hexafluoropropylene, copolymer of vinylidene fluoride 
and chlorotrifluoroethylene, copolymer of vinylidene fluoride, hexafluoropropylene and tetraf iuoroethyiene, copol- 
ymer of vinylidene fluoride and tetrafluoroethylene and copolymer of hexafluoropropylene and tetrafluoroethylene. 

6. The battery as defined in any one of Claim 1 to 5, wherein and solid filler comprises a ceramic powder comprising 
primary particles having an average diameter of from 5 nm to 1 00 nm. 

7. The battery as defined in Claim 6, wherein said ceramic powder comprises at least one member selected from the 
group consisting of alumina, silica, titania and zirconia. 

8. The battery as defined in Claim 6, wherein the specific surface area of said solid filler is from not smaller than 50 
m2/g to not greater than 500 m^/g. 

9. The battery as defined In any one of Claims 1 to 8, wherein said positive electrode, said negative electrode, said 
separator and said resin layer are at least partly impregnated with a non-aqueous electrolyte. 

10. The battery as defined in any one of Claims 1 to 9, wherein a part of said resin layer penetrates into the surface 
layer of said positive electrode and said negative electrode. 



11. The battery as defined in any one of Claims 1 to 10, wherein sard positive electrode, said negative electrode and 
said separator are received in a flexible material case. 
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Amended claims under Art. 19.1 PCT 

1 . (Amended) A battery comprising a positive electrode, a negative electrode and a separator provided interposed 
therebetween, wherein at least one surface of said separator is bonded to said positive electrode or negative 
electrode via a porous resin layer comprising a solid filler, wherein said solid filler comprises a ceramic powder 
comprising primary particles having an average diameter of from 5 nm to 1 00 nm and the specific surface area of 
said solid filler Is from not smaller than 50 m^/g to not greater than 500 m^/g. 

2. The battery as defined in Claim 1 , wherein the thickness of said resin layer is from 1 (xm to 1 0 p.m. 

3. The battery as defined in Claim 1 or 2, wherein the thickness of said separator is not greater than 25 p.m. 

4. The battery as defined in Claims 1 , 2 and 3, wherein said resin layer comprises at least one member selected 
from the group consisting of polyethylene, polypropylene, poly(vinylidQne chloride), poly(vinylid6ne fluoride), pol- 
yethylene oxide and polyacryionitrile. 

5. The battery as defined in Claims 1 , 2 and 3, wherein said resin layer comprises at least one member selected 
from the group consisting of copolymer of vinylidene fluoride and hexafluoropropylene, copolymer of vinylidene 
fluoride and chlorotrifluoroethylene, copolymer of vinylidene fluoride, hexafluoropropylene andtetrafluoroethylene, 
copolymer of vinylidene fluoride and tetrafluoroethylene and copolymer of hexafluoropropylene and tetrafluoroeth- 
ylene. 

6. (Deleted) 

7. (Amended) The battery as defined In Claim 1 , wherein said ceramic powder comprises at least one member 
selected from the group consisting of alumina, silica, trtania and zirconia. 

8. (Deleted) 

9. The battery as defined in any one of Claims 1 to 8, wherein said positive electrode, said negative electrode, 
said separator and said resin layer are at least partly impregnated with a non-aqueous electrolyte. 

10. The battery as defined in any one of Claims 1 to 9, wherein a part of said resin layer penetrates into the surface 
layer of said positive electrode and said negative electrode. 

11. The battery as defined in any one of Claims 1 to 10, wherein said positive electrode, said negative electrode 
and said separator are received in a flexible material case. 
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